. Circadian rhythms in plasma concentration of 11-hydroxycorticosteroids in men working on night shift and in permanent night workers. Blood samples have been collected for estimation of plasma 1 I-hydroxycorticosteroids from three groups of workers -day and night shift workers in a light engineering factory, and night workers in a newspaper printing works. Up to five samples were collected over 24 hr, or two samples per 24 hr were collected for three days. In conformity with the observations of others, day workers showed maximal concentrations in the morning around the time when they started work. In the newspaper workers maximal concentrations were found when they awoke around 14.00 hr. Night shift workers in the engineering works showed a greater variety of pattern, some showing the pattern usual in a day worker, some showing a maximum concentration about midnight and a minimum around 06.00 hr and a large proportion showing no clear circadian rhythm.
Circadian rhythms in plasma concentration of J1-hydroxycorticosteroids 171 general rule was for the men to work four nights a week, although some did extra as overtime.
Group 2 Twenty day workers aged 21 to 53 years worked from 07.30 to 16.30 hr in the same factory.
These groups were further subdivided into groups la (11) and 2a (8) who were examined first, and lb (15) and 2b (12) who were examined 12 months later. Three of the night workers were examined on both occasions but are treated as if they were different subjects.
Group 3 Fourteen workers aged 30 to 55 years had for the past 2 to 40 years worked in a newspaper printing works where continuous night work was practised from roughly 20.00 to 05.00 hr. These include the 12 subjects briefly reported by Conroy (1967 Mattingly (1962) modified by Spencer-Peet, Daly, and Smith (1965) .
Duplicate estimations were routinely performed. The SE of the mean of a random series of 30 such duplicates was 0-2 jug/100 ml. On the rare occasions when this error exceeded 5 % of the mean a third estimation was performed.
Results
Fourteen of the day workers showed an entirely conventional pattern in their plasma steroids ( Fig. 1A ): in group 2a this implies that the concentration was highest in the 08-30 or 09 00 hr sample, in group 2b that the concentration was always higher at 09-00 hr than at 15-30 or 16 00 hr. Two more subjects were nearly normal in that their mean morning exceeded their mean afternoon concentration, whilst the remaining four showed no consistent pattern. The six subjects in group 3 who contributed the full series of five blood samples showed a consistent pattern with maximum steroid concentration around 14.00 hr when they were rising from sleep and minimal values in the early moining (Fig. 1B) The night shift workers in group 1 were much less consistent in their behaviour, and in 10 of them no circadian rhythm could be discerned in the plasma steroid concentration. In two from group la the concentration rose continuously from the initial midnight sample to the final sample 24 hr later. In eight subjects from group lb, observed over three successive nights, the concentration sometimes rose between midnight and 06.00 hr and sometimes fell.
In the remaining 16 subjects a rhythm could be defined since, in those of group la, the steroid concentration in the final sample was approximately the same as 24 hr earlier, and in those of group lb the change from midnight to 06.00 hr was fairly consistent. In these 16 subjects the pattern of steroid concentration fell into three clearly-defined groups: six shared the pattern characteristic of day workers, with a midnight minimum and a maximum around 06.00 hr, six appeared well adapted to their night hours of work, with a maximum concentration about midnight and a minimum around 06.00 hr, and the remaining four subjects, in group la, showed a distinctive pattern of their own with maximum at 04.00 hr and minimum at 06.30 hr, corresponding to neither the behaviour expected of a day nor that of a night worker (Fig. 2c) . Examples of all these patterns are shown in Figure 2 . Of the three men who contribute twice to these totals, one was not rhythmic on either occasion and the other two were rhythmic on the first but not on the second occasion. Perkoff et al. (1959) claim that the rhythm of plasma 17-hydroxycorticosteroids could be reversed within 5 to 10 days in subjects reversing their sleep habits. Their observations were made on four medical students and four nurses on night duty who were provided with a quiet dark room in which they were expected to sleep from 08.00 to 16.00 hr.
This appears to be not a reversal but an eight-hour shift in their sleep habits, and the phase of the plasma steroid rhythm had also shifted by eight hours and attained a maximal concentration in the 16.00 hr sample. The amplitude of the rhythm was very low compared with that usually observed in day workers. No indication of individual variation is given but it is stated that the time shift consisted of first a fall in the concentration in the 08.00 hr sample followed by a rise in the concentration observed at 16.00 hr. The difference between these results and those of Migeon and his colleagues(1956)on subjects who had been on night work for a much longer period may be ascribable to the very good conditions provided for them to sleep and to the regular existence to which they were required to adhere.
Preliminary observations in this department on urinary steroids (Imrie, unpublished) suggested that, in a factory where day and night shifts are worked, some night workers had adapted and some nonadapted steroid rhythms. Kojima and Niiyama (1965) have also reported a disturbance, without full adaptation, in the rhythm of excretion of 17-ketogenic steroids by night workers. This impression was confirmed by Conroy (1967) who collected plasma samples at the start and at the end of the night shift from workers in the same two establishments where we have now made more extensive studies. In the present investigation the plasma corticosteroid rhythms for most of the day workers conform with the pattern which has been generally recorded (Perkoff et al., 1959; see Mills, 1966 for further references) and which has been regularly observed in this laboratory. The occurrence of some irregular results is not surprising since many factors other than the circadian influence, including the stress of venepuncture, are known to affect plasma steroid concentration. Furthermore, blood samples collected four times in 24 hr are inadequate to define the full course of plasma steroid concentrations, since there is a series of elevations and depressions towards the end of the usual sleep period (Weitzman, Schaumburg, and Fishbein, 1966; Weitzman The difference between the behaviour of the two groups of night workers is, however, striking. The whole social life of the newspaper workers centres around an acceptance of permanent night work for themselves and their regular associates, and their steroid rhythms are well adapted to such habits. Figure 3 shows the results of an earlier investigation briefly reported by Conroy (1967) (Elliott and Mills, 1969; Conroy and Hall, 1969; Fort, 1969, and 
unpublished observations).
A greater variety of patterns and more irregularities were observed in the night shift workers at the engineering works than in either of the other groups; this may represent differences between one man and another, such as could result from different home or other circumstances, or from an inherently different adaptability. However, since we were unable to examine the same subjects repeatedly, we do not know whether some men would follow consistently one or other of the patterns. Thus we cannot as yet assess a man's suitability for night work solely on the basis of the adaptation of his circadian rhythms in plasma steroids. It may well be that the adrenal rhythms as well as the body temperature rhythm (Teleky, 1943; Chadwick-Jones, 1967) should be considered in any assessment of the physiological basis for night and shift working.
The varying responses of different men to the same conditions of work have also permitted us to compare the adaptation of adrenal and urinary rhythms. This will be considered in a subsequent paper (Conroy, Elliott, and Mills, in preparation) .
